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Abstract 
A particular interest has been given to the study of Fe100-xPdx (x=15, 20 and 36) alloys. Alloy thin films, obtained by thermal 
evaporation technique, have been investigated by X-ray diffraction, magnetization and Mössbauer effect measurements. All of 
these alloys are crystalline: a bcc phase for x=15 and a bcc-fcc mixed phases for x=20 and x=36.The magnetic and structural 
properties measurements, performed on these alloys, show the fcc phase appearance as well as the structural transition between the 
bcc and bcc-fcc mixed phases.  
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1. Introduction 
The Fe-Pd alloy system has a complex phase diagram as shown by Massalsky (1990). At high temperatures, 
below solidus line, the presence of Ȗ-Fe100-xPdx solid solutions, with fcc type structure, is observed in all 
composition range. At low temperatures, the Į-Fe100-xPdx, alloys, with the bcc type structure, have been reported for 
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0 < x < 2, the bcc-fcc mixed phase for 2 < x < 50 and the fcc phase for 50 < x < 100. The latter consists of two 
ordered intermetallic compounds FePd and FePd3.  
However, no direct comparison to equilibrium phase diagram is possible for alloys obtained from deposition 
pulverization by Zhang et al.(1988) nor electrodeposition by Doi et al. (2003). Indeed, such alloys consist of thin 
films whose behaviour are expected to differ from the one of the bulk and are rather close to surfaces, on the one 
hand. On the other hand, the growth conditions of such alloys are supposed to be from equilibrium.     
From the application point of view, there are two different regions of chemical compositions that have mainly 
been of interest, in the Fe100-x-Pdx alloy system. The first region is related to the ordered equiatomic FePd 
ferromagnetic intermetallic compounds which have attracted considerable research interest, as hard magnetic 
materials, i.e., ultrahigh density magnetic recording media. The magnetic properties of this first region have been 
studied extensively by several authors Gehanno et al. (1997) and Wang et al. (2004). The other region, around 30 
at% Pd, is marked by the shape memory effect has been investigated by Cui and James (2001) and Cui et al. (2004), 
and hence the corresponding alloys are considered as emerging materials finding. Their applications are mainly in 
actuators, as well as in dechlorination of organic compounds. Further, the palladium rich Fe-Pd alloys, studied by 
Jasen et al. (2005) exhibit high capacity for hydrogen absorption.  
There are two main methods employed to prepare Fe-Pd thin films: (i) vacuum methods such as electron-beam 
evaporation, sputtering and thermal evaporation and (ii) non-vacuum method such as electrodeposition. When 
optimum deposition parameters are fixed, vacuum methods can offer uniform film growth. However, physical and 
mechanical properties of deposits are difficult to tailor in such a case. Deposited films by sputtering methods have 
shown long term instabilities due to the incorporation of gas molecules. In contrast, electrodeposition allows to 
control film chemical composition, as well as physical and mechanical properties, by simply changing the 
deposition parameters. These methods lead to the formation of Fe-Pd thin films that can have different structures. 
Indeed, depending on the iron concentration, the Fe-Pd system can exhibit either a single phase, such as the iron-rich 
bcc phase and the palladium-rich fcc phase, or a mixed phase consisting of both bcc and fcc phases. The boundaries 
between different phases depend on the used methods. It is found that the largest mixed-phase domain is obtained by 
electrodeposition method. 
In this work, we described experimental results of X-ray diffraction, magnetic properties and Mössbauer spectra 
for Fe100-xPdx alloy films with x = 15, 20 and 36.  
2. Experimental Procedures 
The Fe100-xPdx alloy films were deposited onto silicon substrates by thermal evaporation. Alloys were prepared 
from elemental Fe and Pd powders of 99.99% purity. The mixed powder is deposited in a tungsten crucible which is 
placed in the chamber, whose vacuum pressure is 10-7 mbar .The operation pressure and applied average current 
intensity were fixed to 5x105 mbar and 180 A respectively. Samples chemical compositions were determined by 
energy dispersive analysis by X-rays (EDAX), obtaining alloys are Fe85Pd15, Fe80Pd20 and Fe64Pd36, with Pd 
concentration error of 2%. The alloy films thickness were measured by scanning electron microscopy (SEM), 
obtaining thicknesses of 340 nm for Fe85Pd15, 228 nm for Fe80Pd20 and 206 nm for Fe64Pd36, with an average 
thickness error of 4%. The alloy films structure were studied using a grazing incident X-ray diffractometer. Samples 
structure was investigated by X-ray diffraction using a cobalt anticathode (ȜCo-KĮ=1.790 Å). The magnetic properties 
were measured at room temperature with superconducting quantum interference device magnetometry (SQUID). 
Conversion electron Mössbauer spectra (CEMS) at room temperature were recorded using a conventional 
spectrometer equipped with a home-made helium–methane proportional counter. The source was a 57Co in rhodium 
matrix. The films were set perpendicular to the incident Ȗ-beam. The spectra were fitted with a least-squares 
technique using a histogram method relative to discrete distributions, constraining the line width of each elementary 
spectrum to be the same. Isomer shifts are given relative to Į-Fe at 300 K.    
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3. Structural Properties  
The X-ray diffraction patterns are presented in Figs.1(a) for Fe100-xPdx (x=15, 20 and 36) alloy films. For all films, 
one observes broad peaks of X-ray diffraction spectra. These broadening peaks may result from microcrystalline as 
well as disordered structure of Fe phase. For each Pd concentration, we observe two peaks centred at 2ș = 60.35° 
and 2ș = 64.45° which correspond to the Si substrate, as well as three peaks corresponding to the (110), (200) and 
(211) planes of the body-centered cubic (bcc) (α-Fe,Pd) solid solution. These three peaks have also been observed 
by Birsan et al. (1997) for Pd contents ranging from x = 0 to x = 23.2. The intense peak observed at 2ș = 51.69°, 
corresponding to the bcc phase, decreases when the palladium concentration increases. For x=36% Pd concentration, 
in addition, two peaks are observed in Fig.1(a) which correspond to the (111) and (200) planes of face centered 
cubic (fcc) phase. The fcc phase is localized at 2ș = 47.48° and 2ș = 55.45° which corresponds respectively to 3.849 
Å and 3.847 Å lattice parameters Fig.1(a). The strong intensities of the bcc (110) and the fcc (111) planes could 
indicate a preferred grain growth orientation. These preferred orientations were also observed by Bouschbeck et 
al.(2007), who studied the structural properties of Fe100-xPdx films for Pd compositions ranging from x =22 to x = 43.
 
 
 
 
 
 
 
 
 
ig. 1. X-ray diffraction patterns for (a) Fe100-xPdx alloys and (b) lattice parameter as function of the palladium content in the Fe100-xPdx alloys. 
The lattice parameters of different alloys, estimated from X-ray diffraction measurements, are shown in Fig. 1(b). 
It can be noticed that the lattice parameter of (α-Fe,Pd) solid solution increases linearly with the Pd composition up 
to 20 at% Pd. The lattice parameter remains constant for the Pd compositions from 20 at% to 36 at% Pd revealing 
saturated solid solution structure in the deposited alloys.  
4. Magnetic Properties  
Magnetic hysteresis curves are carried by a SQUID at room temperature with a magnetic field parallel and 
perpendicular to the film surface as shown in Figs. 2(a)-(c). From magnetic hysteresis curves we determine the 
saturation field (Hs) in both directions. In the parallel direction Hs|| fluctuated between 8 kOe and 4 kOe, and in the 
perpendicular direction Hs⊥ fluctuated between 38 kOe and 22 kOe. These two values show that the easy axis of 
Fe100-xPdx films is in plane. Further, in Fig. 2(d) we plot the results of saturation magnetization (Ms) and coercive 
field (Hc) obtained from the magnetic hysteresis curves measured in plane. The Ms decrease linearly from 1517.9 
emu/cm3 for Fe85Pd15 to 1235.6 emu/cm3 for Fe64Pd36 with increasing Pd concentration. However, the coercive field 
(Hc||) changes from 26 Oe to 56 Oe for the Pd composition ranging from x = 15 to x = 36, and goes through a 
maximum value of coercive field (Hc||) at x = 20 as shown in fig. 2(d). This variation is probably due to the 
appearance of small fraction of the second fcc magnetic phase at x= 20 (not observed by x-ray diffraction) and 
increases at x=36. In agreement with hysteresis loop which show clearly the presence of a second fcc magnetic 
phase. The second magnetic phase was also observed by Strukova and al. (2011), who studied the structure and 
magnetic properties of the FexPd1-x alloys for Fe ranging from x = 0.14 to 0.74. On the other hand, the coercivity 
(Hc⊥) in the perpendicular direction was slightly influenced by Pd concentration and fluctuated between 250 Oe and 
352 Oe. 
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Fig. 2. Magnetic hysteresis loops of  Fe100-xPdx alloy, (a) Fe85Pd15, (b) Fe80Pd20, (c) Fe64Pd36. The results are measured with an external field 
parallel to the film surface and perpendicular to the film surface. (d) Saturation magnetization (Ms) and coercivity (Hc) as a function of palladium 
content in Fe100-xPdx alloys.  
The Mössbauer spectra are presented in Figs. 3(a)–(c) for Fe100-xPdx (x=15, 20 and 36) alloy films. According to 
X-ray results which indicate a disorderd structure, the spectra were fitted with a least-squares technique using a 
histogram method relative to discrete distributions, constraining the line width of each elementary spectrum to be 
the same. For x=15 which is pure bcc phase according to the X-ray diffraction results (Fig.1 (a)), the average value 
of hyperfine field and isomer shift are respectively 344.78 ± 3.10 kOe and 0.0320 ± 0.0038 mm/s. For x=20 the 
average value of hyperfine field and isomer shift are respectively 342.66 ± 3.08 kOe and 0.0380 ± 0.0045 mm/s, 
where the alloy is predominantly bcc phase according to the X-ray diffraction result (Fig.1 (b)), with a small fcc 
phase according to the coercivity result (fig. 2(d)). However, the hyperfine field and isomer shift of bcc phase are 
respectively 345.38 ± 3.10 kOe and 0.0309 ± 0.0062 mm/s. The hyperfine field and isomer shift of fcc phase are 
respectively 283.84 ± 2.55 kOe and 0.1896 ± 0.0094 mm/s. For the alloy with x = 36 which is composed of bcc and 
fcc phases according to the X-ray diffraction results (Fig. 1(c)), the average hyperfine field and isomer shift are 
respectively 336.48 ± 3.03 kOe and 0.0690 ± 0.0082 mm/s. The hyperfine field of bcc phase is equal to 346.82 ± 
3.10 kOe and an isomer shift equal to 0.0440 ± 0.0062 mm/s. The fcc phase is equal to 275.96 ± 2.55 kOe to an 
isomer shift equal to 0.2160 ± 0.0094 mm/s. These Mössbauer values are in agreement with X-ray diffraction and 
magnetic measurements. 
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Fig. 3.  Mössbauer spectra and hyperfine field of the Fe100-xPdx alloy, (a) Fe85Pd15; (b) Fe80Pd20; (c) Fe64Pd36 
Figs. 4 (a) and (b), illustrate respectively the isomer shift and the hyperfine field corresponding to different Pd 
concentrations. 
 Fig. 4(a) shows that the isomer shift increases linearly with increasing palladium concentration in the Fe100-xPdx 
alloy films and this behavior is observed for both bcc and fcc phases. This increase of isomer shift is due to the 
contribution of palladium. The isomer shift is proportional to the electron charge density at the nucleus and it 
increases with the decreasing of electron density for the nuclear transition. Hence one can conclude that the overall 
electron density at the iron nucleus decreases with the adding of palladium to the alloy. However, the isomer shift in 
the bcc phase is proportional to the spin density and the electron density at the nucleus, for each discernible 
palladium, impurity reduces simultaneously the electron density and the electron spin density on the iron nucleus, 
according to the model proposed by Blanchowski et al. (2004), who introduced a model describing isomer shift on 
iron nuclei for iron-palladium bcc alloys. This model was based on the assumption that individual randomly 
distributed palladium impurities around the iron atom have influence on the isomer shift. The isomer shift 
perturbations extend to greater distances from the impurity. Individual contributions are due to Pd impurity in the 
first and second shells. However, our results for bcc phase are in good agreement with those obtained by 
Blanchowski et al. (2004).  
 
Fig. 4.  (a) Isomer shift and (b) hyperfine field as a function of the palladium content in the Fe100-xPdx alloys.  
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For the bcc phase, the hyperfine field increases with increasing concentration palladium in the alloys, because of 
the contribution of palladium impurity. Recent studies have been based on the hyperfine field distribution of bcc Fe-
rich Fe-Pd alloys: Birsan et al. (1997) introduced a consistent model describing hyperfine field distribution on iron 
nuclei and magnetization data for iron-palladium bcc alloys. They found non-vanishing contributions to the 
hyperfine field caused by palladium impurity up to the fifth co-ordination shell. In another model proposed by 
Blanchowski et al. (2004), the perturbation of the hyperfine field is caused by single Pd atom located in the third co-
ordination shell. However, the hyperfine field results obtained by Blanchowski et al. (2004) and Birsan et al. (1997) 
are in good agreement with our results for bcc phase. 
While, for fcc Pd-rich Fe-Pd alloys, Tsurin et al. (1976) have shown that, the hyperfine field decreases with 
increasing palladium concentration, they explained the dependence of the hyperfine field by the number of 
neighboring Fe atoms. However, the obtained hyperfine field values of the fcc phase are around the hyperfine field 
of the disordered Fe27Pd73 alloy determined by Papaefthymiou et al.(2002). 
5. Conclusion  
In summary, Fe-Pd films of nanoscale thickness were grown by thermal evaporation. According to the XRD 
results, the film with 15 % at Pd is a solid solution with a bcc phase. The films with 20 and 36 % at Pd are solid 
solution with two phases bcc and fcc. The strong intensities of bcc (110) plane and fcc (111) planes could indicate a 
grain growth preferred orientation. According to SQUID results, films magnetization depends on Fe content and it 
decreases linearly with increasing Pd concentration. The presence of a second magnetic phase in films is observed 
by the coercivity films. This phase was also observed by Mössbauer spectrometry. According to Mössbauer results, 
the isomer shift and hyperfine field are proportional to the spin density and electron density at the nucleus for bcc 
phase. 
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